Background--New avenues of data collection such as eHealth and mobile technology have the potential to revolutionize the way large populations can be assessed and managed outside of standard research and clinical settings.
T raditional cohort epidemiology has been the mainstay of population-based science for several decades; however, classical cohort epidemiology is costly and time consuming [1] [2] [3] and has been criticized for incremental findings, lack of validation, and lack of flexibility. 4 New models of scalable population-based data collection are necessary. 5 The digital health revolution may have the potential to transform health care by offering larger scale phenotyping performed outside of standard research clinic settings. [6] [7] [8] [9] New avenues for collecting population-level data, such as eHealth and mobile (mHealth) technology, are potentially exciting and may improve clinicians' and researchers' abilities to assess risk factors and health behaviors in vivo (ie, data are collected in participants' true environments). 10 Use of these new modalities requires access to technology including the Internet, email, cell phones, and smartphones. The overall penetrance of digital technology within an existing cohort study and associations with cardiovascular disease (CVD) risk burden remain largely unknown. The purpose of our study was to assess the digital connectedness, which we defined as usage of digital technologies, of Framingham Heart Study (FHS) participants, using a recently administered digital connectedness survey. In addition to overall connectivity, we examined the CVD risk factor profiles associated with technology usage. We hypothesized that those who used digital technologies would be younger and would have less adverse CVD risk factor profiles than their counterparts who did not use such technologies.
Methods Study Sample
In 1948, 5209 women and men aged 28 to 62 years enrolled in the FHS Original cohort. Because <100 participants from the Original cohort are living, that cohort was not included in the present report. The offspring and spouses of the offspring of the Original cohort were enrolled in the Offspring study. 11, 12 
Digital Connectedness Survey
We created a digital connectedness survey to administer to all living FHS participants without significant cognitive impairment (n=8096). The full survey appears in Data S1. Briefly, we asked participants about their usage of the Internet, email, cell phones, smartphones, social networks, computer games, and health applications ("apps"). The survey was estimated to take about 3 minutes to complete. The survey was first administered in REDCap (http://project-redcap.org) to all participants with a unique email address on file. The link was re-sent twice, weekly, and if the participant still did not respond, a telephone call was placed. Up to 3 attempts were made to reach the participant by telephone. During the telephone call, the participant was given the opportunity to complete the survey over the telephone, to receive the REDCap link again, or to complete the survey using a mailed paper version. Body mass index was defined as weight (in kilograms) indexed to height squared (in meters). Plasma glucose and total cholesterol were measured in fasting samples. Hyperlipidemia was defined as total cholesterol ≥200 mg/dL or lipid treatment. Diabetes was defined as fasting glucose ≥126 mg/dL or treatment with a hypoglycemic agent or insulin. Participants were classified as current smokers if they smoked at least 1 cigarette per day in the prior year. Hypertension was defined as systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg or being on treatment. CVD events were adjudicated by 3 investigators and included myocardial infarction, coronary insufficiency, atherothrombotic infarct, transient ischemic attack, intermittent claudication, and congestive heart failure. Atrial fibrillation was confirmed, as described previously. 13 
Statistical Analysis
Data were tabulated by frequency across different survey components. CVD risk factor profiles were examined by survey response (yes versus no). Chi-square P values for Among survey responders, 5678 (87.4%) reported Internet usage, 5121 (91.1%) reported home Wi-Fi, 5509 (85.0%) reported regular email use, 5946 (92.1%) reported using a cell phone, and 3907 (67.8%) of cell phone users reported having a smartphone. When queried regarding the use of apps and social networks, 1426 (24.4%) reported using health apps, 2746 (42.4%) reported using computer games, and 3163 (48.8%) reported using social networks. Social network users predominantly accessed Facebook (n=2944), LinkedIn (n=1244), Google+ (n=347), and Twitter (n=478).
Participants reporting Internet usage were younger (aged 59.1 versus 76.5 years), were more likely to be employed, and had more favorable CVD risk factors compared with those who did not use the Internet (Table 1) . Tables 2 through 4 stratify the sample by FHS cohort (Offspring, Third Generation, Omni). The figure presents CVD risk factor data by Internet use and cell phone status (Figure) . Cell phone users tended to be younger (aged 60.0 versus 75.5 years), were more likely to be currently employed (68.5% versus 26.7%, P=0.0005), were less likely to smoke (8.7% versus 6.1%, P=0.004), and were less likely to have hyperlipidemia (56.7% versus 71.2%, P=0.01, Table 1 ). We did not observe differences in hypertension, diabetes, CVD, or atrial fibrillation by cell phone use.
Slightly less than two-thirds (60.1%) of survey responders had a smartphone. Among smartphone users, 2689 had an iPhone (Apple Inc) and 1548 had an Android-based (Google Inc) smartphone. Smartphone users were younger (aged 55.4 versus 68.5 years, P<0.0001), less likely to smoke (8.3% versus 9.4%, P<0.0001), more likely to be currently employed (81.1% versus 43.9%, P<0.0001), more likely to have a college education, and less likely to have hypertension (27.9% versus 55.7%, P=0.0002). We did not observe differences in hyperlipidemia, diabetes, CVD, or atrial fibrillation by smartphone use. Additional details can be found in Table 1 .
In the Offspring cohort (Table 2) , Internet users tended to be 8 years younger on average than those who did not use the Internet (P<0.0001). Internet users were less likely to smoke and had lower rates of hypertension, diabetes, and CVD. Similar but less striking trends were observed for cell and smartphone usage in this cohort as well as in the Third Generation (Table 3) and Omni (Table 4) cohorts.
Discussion
Digital connectedness, when assessed on the basis of access to the Internet, email, Wi-Fi, cell phones, or smartphones, was fairly high among FHS participants. Despite this, important differences existed among those who use technology and those who do not, with marked differences in age, educational attainment, and CVD risk factor profiles. Finally, those with smartphones represented less than two-thirds of survey respondents.
With the increasing ubiquity of home Internet, Wi-Fi, and smartphones, paired with the rapid development of wearable devices, there is increased focus on collecting biomedical smartphone access compared with those without access. CVD was defined as myocardial infarction, angina pectoris, coronary insufficiency, cerebrovascular accident, transient ischemic attack, intermittent claudication, and heart failure. All cell counts can be found in Table 1. data from participants in their home environments. The digital health trend has been hailed as potentially revolutionary in transforming health care. 14 Our findings highlight potential opportunities and challenges of reaching study participants through technology. Within an existing cohort, there might be limited reach (60% of eligible participants) with smartphones. An alternative approach is to recruit a de novo cohort based on access to technology. Whereas de novo targeted recruitment would increase the number of participants within any given study, generalizability is an important consideration, given the demographics of those who use technology. In addition, participants who report technology usage tend to be younger and to have more favorable CVD risk factor profiles, potentially biasing cohorts that ascertain participants using these modalities. Our findings also have implications for users of clinical technology applications, suggesting that similar biases may exist. Leveraging social networks to reach potential participants through technology is an important future opportunity. The social network of the Offspring cohort of the FHS has been mapped, 15 and it may be possible to leverage this network in the future to promote the uptake and use of technology. Strengths of our work include the use of the wellcharacterized FHS cohort. Some limitations warrant mention. The generalizability of the FHS may be limited; however, our findings mirrored those in a recent report from the Pew Research Center that noted 64% of US respondents have a smartphone 16 and 84% of US respondents use the Internet. 17 The FHS consists predominantly of white participants; generalizability to other ethnicities and races is uncertain. Finally, even though our connectedness survey was administered recently (2014) (2015) , continued penetrance of digital connectedness and smartphone technology will occur over time. Nonetheless, our findings remain applicable to studies wishing to recruit technology-enabled cohorts in the present, such as cohorts being considered through the Precision Medicine Initiative (http://www.nih.gov/precisionmedicine/09172015-pmi-working-group-report.pdf). Digital connectedness varies substantially by age; those who are connected tend to be younger and to have more favorable CVD risk factor profiles. Less than two-thirds of FHS participants responding to the survey had a smartphone. The generalizability of studies focused on digitally connected persons may have limitations.
Sources of Funding
The National Heart, Lung, and Blood Institute's Framingham Heart Study is supported by contract N01-HC-25195 and HHSN268201500001I; 2R01HL092577; 1R01HL128914; 1P50HL120163.
Disclosures
Dr Caroline S. Fox became an employee of Merck Research Labs as of December 14, 2015 . None of the additional authors report any relevant conflicts of interest.
